Polymerase chain reaction-based DNA fingerprinting was used as a tool to differentiate new and persistent Streptococcus uberis and Streptococcus dysgalactiae intramammary infections (IMI) in dairy cows. The same subtype of S. uberis or S. dysgalactiae was detected from some infected mammary glands from one lactation to the next documenting the persistence of these infections. Conversely, some streptococci isolated from mammary glands during a lactation or from one lactation to the next were different subtypes suggesting that a new IMI occurred. These new streptococcal IMI would never have been detected using phenotypic methods of streptococcal identification. Results of this study indicate that PCR-based DNA fingerprinting can be used as an effective procedure to differentiate new and persistent S. uberis and S. dysgalactiae IMI in dairy cows. This technique will be useful in epidemiological investigations, and drug and vaccine efficacy studies when attempting to delineate new and persistent IMI. z
Introduction
DNA ¢ngerprinting procedures have been developed to identify mastitis pathogens and a few studies have used these procedures for subtyping mastitis pathogens to detect strain di¡erences. We reported results of PCR-based DNA ¢ngerprinting that involves ampli¢cation of bacterial genomic DNA by a short oligonucleotide primer to produce a distinct pattern of ampli¢ed DNA fragments [1, 2] . This procedure has been used for identi¢cation of Streptococcus, Enterococcus, and Staphylococcus species from bovine milk [1, 2] and as a method of subtyping S. uberis [3, 4] , S. dysgalactiae [4] , Enterococcus faecium [5] and Staphylococcus aureus [6] . The objective of the present study was to use PCR-based DNA ¢n-gerprinting as a tool to di¡erentiate new from persistent S. uberis and S. dysgalactiae intramammary infections (IMI) in dairy cows.
Materials and methods

Source of S. uberis and S. dysgalactiae isolates
Cows from The University of Tennessee Dairy Experiment Station research herd were used in this study. Mammary secretions were collected from each cow every 6 weeks during lactation, 7 days before cessation of milking, at the last milking of lactation, 7 days before parturition, and 3 and 10 days after parturition.
To determine if di¡erent S. uberis subtypes were present in milk from S. uberis infected mammary glands, nine S. uberis infected quarters were evaluated. Milk from infected mammary glands was mixed thoroughly and 10 l were plated on blood agar. Five colonies from each sample were selected for biochemical characterization and PCR-based DNA ¢ngerprinting.
To di¡erentiate new from persistent IMI, 14 mammary glands of eight cows infected with S. uberis, and 12 mammary glands of six cows infected with S. dysgalactiae were monitored over two lactations. Quarter samples of mammary secretion from these cows were collected aseptically 7 days before expected parturition, 3 and/or 10 days after parturition, at 6-week intervals during lactation, 7 days before the last milking of lactation, and at the last milking of lactation.
Identi¢cation of bacterial strains
All streptococcal isolates were identi¢ed to the species level by the API 20 Strep (bioMe èrieux Vitek, Inc., Hazelwood, MO, USA) and by conventional biochemical tests as described previously [7] . Conventional biochemical tests included: Gram staining, catalase production, aesculin hydrolysis, and growth in 6.5% NaCl. All isolates were serotyped using a streptococcal agglutination system (Streptex, Mure èx Diagnostics Inc., Dartford, England) containing A, B, C, D, F, and G group-speci¢c antigens.
Polymerase chain reaction-based DNA ¢ngerprinting
Streptococcal DNA was isolated using methods essentially as described by Jayarao et al. [8] . Ampli¢cation of DNA from S. uberis and S. dysgalactiae and the PCR-based DNA ¢ngerprint procedure were done as described by Jayarao and Oliver [1] . The oligonucleotide primer 8.6d (5P-GTAACGCC-3P) was synthesized by the Analytical Services Laboratory, The University of Tennessee, Knoxville, TN, USA. DNA fragments were visualized by UV transillumination (Fotodyne Inc., New Berlin, WI, USA) and photographed with type 55 Polaroid ¢lm (Fabrique è aux E.U. par Polaroid Corporation, Cambridge, MA, USA). The negatives of Polaroid ¢lm type 55 were scanned using a computer-integrated laser densitometer (Ultroscan XL; LKB Produkter AB, Bromma, Sweden). Scans were evaluated with Gelscan XL version 2.0 software package (Pharmacia LKB Biotechnology, Uppsala, Sweden) to determine the number, optical density in absorbance units, and size of DNA fragments in base pairs (bp). Analysis of DNA ¢ngerprints was based on fragment size of bp relative to molecular mass standards.
Results and discussion
PCR-based DNA ¢ngerprinting of mastitis pathogens has been used primarily for identi¢cation of Fig. 1 . PCR-based DNA ¢ngerprint patterns of S. uberis and S. dysgalactiae obtained using primer 8.6d. Panel A: DNA ¢nger-print patterns of S. uberis isolated from left front mammary gland of cow 3 ( Table 1 ). Lanes 1^5 correspond to S. uberis subtypes U8, U8, U4, U4, and U4, respectively. Panel B : DNA ¢n-gerprint patterns of S. dysgalactiae. Lane 1, S. dysgalactiae subtype D1 from left front mammary gland of cow 4 ( Table 2) . Lanes 2^7 correspond to S. dysgalactiae subtypes D5, D2, D1, D1, D1, and D3 isolated from left front mammary gland of cow 3 during two lactations (Table 2 ). Lane S in both panels is HaeIII-digested X 174 DNA size markers (in base pairs).
Streptococcus species [1, 3, 9] , and Staphylococcus species [2] isolated from bovine mammary secretions. Results of those studies demonstrated clearly that PCR-based DNA ¢ngerprinting was an accurate procedure for identi¢cation of mastitis pathogens. DNA ¢ngerprint pro¢les were speci¢c for each bacterial species evaluated, however, subtle di¡erences were observed suggesting that this procedure might be useful to detect di¡erences among strains of a species. Subsequent studies evaluated PCR-based DNA ¢ngerprinting as a method of subtyping S. uberis [3] , S. dysgalactiae [4] , E. faecium [5] and S. aureus [6] with encouraging results.Marked clonal diversity among strains of S. uberis isolated from cows has been reported [9, 10] . Of 50 strains of S. uberis evaluated, 35 DNA ¢ngerprint patterns and eight distinct clusters were observed [10] . Thus, S. uberis appears to be quite heterogeneous within a herd. Because of this observation, a study was designed to determine if di¡erent subtypes of S. uberis were present in milk from a S. uberis infected mammary gland. Five S. uberis colonies isolated in milk from each of nine infected mammary glands of nine cows from one herd were selected for biochemical characterization and PCR-based DNA ¢ngerprinting to determine if di¡erent subtypes were present in one infection. The 45 S. uberis isolates belonged to three distinct subtypes, however, all ¢ve colonies from each infected mammary gland belonged to the same subtype (data not shown). Based on this observation, it would appear that coexistence of multiple subtypes of S. uberis within an infected mammary gland is not likely to occur.
The same subtype of S. uberis was detected from some infected mammary glands from one lactation to the next documenting the persistence of these infections (Table 1 and Fig. 1 ). For example, S. uberis subtype U9 was isolated from the left front mammary gland of cow 8 on two occasions during one lactation, during the nonlactating period, and on four occasions in the next lactation. Conversely, some S. uberis isolated from mammary glands dur- Table 1 Di¡erentiation of new and persistent S. uberis intramammary infections occurring before, during and after the nonlactating period in eight dairy cows in di¡erent stages of lactation using PCR-based DNA ¢ngerprint patterns +3^^U3^^^U10^U2^U7  U8  U2  U11  C+10^^^^^^U10^^^^^^Ĥ  S 2^^U 3^^^^^^^^^^Ĥ  S 3^U 6^^^^^^^^^^^Ĥ  S 4^^U 3^^^^^^^^^^Ĥ  S 5^^^^U 8^^^^^^^^U 9  D37^U6  U3^^U8  U1^U6  U3^^^D  30  U11  U6  U3^^U8  U1^^U3  U8^U6  U9   C37^U6^U7  U4  U4  U10  U6  U11  U3  U8^^U9  C+3^^U7^^U4^U6  U11^^^U4  U9  C+10^^^U7^U4^^^^^^^Ĥ S 6^^^^U 4^^^^^U 5^^Ĥ S 8^U 6^U 7^^^^^^^^^U 9 H S 9^^U 7^^^U 2^^^^^^D 37^^^^^^^U2^^U8 U5^U9 D30 U 9^^^^^^^^^^^^U 9
Sample : D37 and D30, days relative to milk cessation (also referred to as drying o¡); C37, C+3, C+10, days relative to parturition (also referred to as calving) ; HS1 through HS9, milk samples collected at 6-week intervals during lactation. Cows examined over two lactations : The line separates observations between the two lactations. Mammary glands: RF, right front; RR, right rear; LF, left front; LR, left rear. d PCR-based DNA ¢ngerprint patterns; S. uberis subtypes U1 through U11.
ing a lactation or from one lactation to the next were di¡erent subtypes suggesting that a new IMI occurred. For example, the right front mammary gland of cow 2 was infected with S. uberis subtype U3 throughout one lactation. However, during the next lactation S. uberis subtype U7 was isolated (Table 1). These new S. uberis IMI would never have been detected using phenotypic methods of identi¢-cation. PCR-based DNA ¢ngerprinting was also useful for di¡erentiating between new and persistent S. dysgalactiae IMI (Table 2 and Fig. 1 ). For example, S. dysgalactiae subtype D1 was isolated from the right front mammary gland of cow 2 on ¢ve di¡erent occasions spanning two lactations (Table 2) . On the other hand, three di¡erent S. dysgalactiae subtypes were detected in milk from the right rear mammary gland of cow 1 ( Table 2) .
Conventional bacterial typing methods based on biochemical utilization, enzymatic pro¢les, serotyping and antibiotic resistance patterns are inadequate for identi¢cation of closely related bacterial strains. The PCR-based DNA ¢ngerprinting method used in the present study has two signi¢cant advantages over current methods of bacterial identi¢cation. Firstly, DNA ¢ngerprinting is not in£u-enced by the variability associated with culture conditions that could lead to atypical biochemical characteristics associated with phenotypic characterization. Secondly, the PCR-based DNA ¢nger-print method focuses on the unique nucleic acid composition of the bacterium rather than phenotypic expression of products encoded by nucleic acids. Consequently, PCR-based DNA ¢ngerprinting allows di¡erentiation of closely related bacterial strains. Results of the present study demonstrate that PCR-based DNA ¢ngerprinting is useful for distinguishing new and persistent streptococcal IMI in dairy cows during lactation and during physiological transitions of the mammary gland. This technique will be useful in epidemiological investigations, and drug and vaccine e¤cacy studies when attempting to delineate new and persistent IMI. Table 2 Di¡erentiation of new and persistent S. dysgalactiae intramammary infections occurring before, during and after the nonlactating period in six dairy cows in di¡erent stages of lactation using PCR-based DNA ¢ngerprint patterns Sample : D37 and D30, days relative to milk cessation (also referred to as drying o¡); C37, C+3, C+10, days relative to parturition (also referred to as calving); HS1 through HS10, milk samples collected at 6-week intervals during lactation. Cows examined over two lactations. The line separates observations between the two lactations. Mammary glands: RF, right front; RR, right rear; LF, left front; LR, left rear. d PCR-based DNA ¢ngerprint patterns; S. dysgalactiae subtypes D1 through D5.
